calf. If the growth rate of the calf in utero is parallel with the intensity of the development of the milk secreting cells in the udder during the later part of gestation, a dam that produces a large calf may also produce more milk as compared with one giving birth to a small calf.
The object of the present study has been to find out whether and to what degree the birth weight of the Ayrshire calf is related to the size of the dam, to the length of the dry period prior to calving, to the number of services per gestation, and/or to the milk yield of the lactation period subsequent to calving. At the same time also the effects of the season of birth, the number of the dam's calvings, and the sex of the calf have been investigated.
Material and methods
According to the Finnish dairy cow testing system, a cow is considered a regular if her calving intervals remain less than 15 months. Data comprising 56 regular, well-fed Ayrshire cows in better than average condition and having from two to eight complete consecutive lactation records were selected from the Viik Experimental Farm dairy herd (Table 2 ). All cows had calved each time one fulltime, healthy calf. The following details were listed for each cow: 1) date and 2) number of calving, 3) sex and 4) birth weight of each calf, 5) live weight and 6) degree of fatness of the cow after five days ofeach calving, 7) number of services per the gestation from which the calf was born, 8) number of days dry prior to calving (first calvers excluded), and 9) 4 % fat corrected milk (FCM) yield during the complete lactation period subsequent to the birth of the calf in question. The data consisting altogether of 225 calvings was grouped according to the sex of the calf, the season of birth, and the number of dam's calving (Tables 1 & 2 ). The statistical calculations were made according to Croxton & Cowden (1955) .
Results
The birth weight of the calves in this study ranged from 24 to 49 kg in males and from 23 to 46 kg in females. The live weight of the dams ranged from 378 to 680 kg, the degree of fatness from normal to very fat, the number of services per gestation from 1 to 6 times, the length of the dry period from 20 to 160 days and the FCM yield from 3953 to 9101 kg.
Effect of sex. As expected, the mean birth weight of all male calves (35.2 kg) was higher compared with the corresponding value (33.4 kg) in females (Table 1) , the sex difference of 1.8 kg being significant at the level of P< 0.005.
Effect of season. Data consisting of 225 calvings was divided into four groups according to the birth month: January-March, April-June, July-September, and OctoberDecember (Table 1 ). The pasture season had begun approximately on May 20th lasting from 100 to 120 days, but the cows calving in June were usually kept in the barn until they had calved. Results in Table 1 show that the mean birth weight of both sexes of calves was lowest (32.3 kg) in in April-June, the difference between these two values being significant at the level P<o.ool. The mean live weight of the dams was also lowest during July-September (Table 1) . The above results show that season had an opposite effect on the relative birth weight of the males as compared with the females, but after both sexes were combined, the seasonal effect was not observable. As a whole, the male calves were heavier (7.05 %) in relation to their dam's live weight than the female ones (6.55 %). It was also noted that small cows produced relatively heavier calves than large cows, irrespective of age.
The cows that were bred during the first half of the year, ie. those bred to calve in October-March, needed slightly more services per gestation than those bred during the last half of the year (Table 1 ). The average length of the dry period was shortest in JulySeptember and longest in January-March, this seasonal trend being non-significant. The season of calving had only a slight effect on the FGM yield, the lowest level occurring during the lactation period following calving in April-June (Table 1) . Effect of calving number. The present material was also divided into six groups according to the number of the calving of the dam. The birth weight of the male calves increased from the first up to the sth calving, whereas in the females the highest average birth weight occurred already at the 3rd calving (Table 2 ). In both sexes significantly heavier calves were born from the 3rd to the sth calving as compared to the calves born from the Ist, 2nd, and 6th or subsequent calvings.
The relative birth weight, again, tended to be higher at the first three calvings as compared with later calvings. This can be seen from the compilation below; (Table 2) . Also, the number of services per gestation tended to increase with age, whereas the length of the dry period prior to calving tended to decrease correspondingly.
Statistical study. The relative importance of various factors on the birth weight of the calves was ascertained by calculating the coefficients of simple and partial correlations for the following variables: the birth weight in kg (X x ), the live weight of the dam in kg (X 2), the number of services per gestation (X 3), the length of the dry period in days (X 4) (first calvers excluded), and the level of the FCM yield in kg during the lactation period following the calving in question (X 6). The coefficients of correlations thus obtained have been summarized in Table 3 .
Coefficients of correlation in Table 3 demonstrate that, among the factors under observation, the live weight of the dam had the greatest and the most highly significant (P<0.001) influence on the birth weight of the calf (r l2 The results in the above compilation indicate that the birth weights of the males as well as the females were quite closely correlated with the live weights of the dam (r l2 = 0.4420 <J and 0.4162 $) and that the live weights of the male-dams were more closely related to the milk yield of the subsequent lactation (r 25 = 0.2205, P<0.05) than those of the femaledams (r 25 = 0.0918). The coefficients of simple correlation obtained separately for males and females are similar to those obtained correspondingly for both sexes (Table 3) . According to the equation obtained from the entire material, the birth weight in both sexes increased by 34.47 g (males 31.33 g and females 40.40 g) when the live weight of the dam increased by 1 kg. After excluding the first calvers, the corresponding increase of 30.89 g in the birth weight obtained for both sexes was slightly lower and the extent of increase in males (39.19 g) and females (25.37 g) was reversed, a phenomenon which can be understood by examining the results presented in Table 2 .
In addition to the above results, the birth weight of the calf was found to be more closely correlated with the live weight of the dam at the Ist, 2nd, and 3rd calvings than at the 4th and later calvings.
Discussion
According to Petraitis et al. (1967) , female calves heavy at birth tended to be better milk producers at an adult age than light ones. In dairy-beefproduction, the birth weight of male calves is of special interest since the calves that are large at birth usually also make the fastest gains. The birth weight (X,) in a group of 52 Ayrshire males was in a significant (P<0.001) and positive correlation with the live weight (X 2) (r l2 = 0.5834) and the carcass weight (X 3) (r l3 = 0.5129) attained by the age of six months. In another similar study with 74 Ayrshire males the respective correlations were: r l2 Sex. The mean birth weight of the male calves (35.2 kg) in this study was significantly (P<0.005) higher than that of the females (33.4 kg) (Table 1), the sex difference being 1.8 kg. Earlier in the same herd, Mäkelä (1959) , noted that the mean birth weight of 299 male calves was 34.5 kg and that of 288 females 32.1 kg, the sex difference of 2.4 kg being highly significant (P<0.001). The mean birth weight of 587 single calves was 33.3 kg in the study of Mäkelä, whereas in this study the mean value of 225 calves was 1.3 kg higher, i.e. 34.6 kg. The proportion of calves born to the first calvers was approximately % of all cases in both studies, but the age of the heifers at first calving has decreased by I -2 1 -2 months during the last few years. This slight increase in the birth weight of the calves in the said herd might be due to the fact that the heifers and cows have been fed lately somewhat more intensively during few weeks prior to parturition compared to the feeding practised several years ago. Moreover, only calves born to the regular cows were included in the present study, whereas Mäkelä's data included also calves born to cows with calving intervals exeeding 15 months. In this study, the mean live weight of the male-dams was 502 kg and that of the female-dams 507 kg. Since Mäkelä did not mention the live weights of the cows in his data, it is not known whether the size of the dams has been changed since 1950'5. In the present data the mean number of services preceding the birth of a male was 1.71 and that of a female 1.54, the length of the dry period was 55.51 and 50.08 days respectively. The mean FCM yield of the male-dams was 5958 and that of the female-dams 5993 kg during the subsequent lactation period.
Season. Season affected significantly the birth weight of the calves in this study (Table 1) , the highest mean value occurring in calves born during the first half of the year. The mean birth weight was lowest in July-September when also the live weight of the cows was at its lowest. The weight of the calf calculated as a percentage from the live weight of the dam was not, however, influenced by the season of birth indicating that the seasonal changes in the size of the calf at birth have been proportional to the changes in the live weight of the dam.
Feeding of the cows in question has been very intensive during the stall-feeding period (ref. Kossila 1967, p. 32-36) . Even though the transition period has lasted from 1 to 2 weeks, and in addition to good quality pasture grass ad lib., the cows have received from 1 to 4 or 5 kg low protein concentrates (oats, barley) per day, according to their milk yield, they have lost weight after being turned out to pasture. The mean live weight of the cows in the present material was 516 kg in April-June and 40 kg less, i.e. 476 kg, in July- Sep- tember. The milk yield of the last mentioned cows did not significantly differ from the yield of cows that had calved during other seasons (Table 1 ). In the same herd, Mäkelä (1962) , noted lower peak yields during the grazing period than during the stall feeding period. Apparently there has been an overall decrease in the productional efficiency of cows during the summer months caused by the changes in the level of energy intake, in the type of feed, in the amount of exercise, in the environmental climate, and in hormonal functions. According to Kossila (1964) , the level of protein bound iodine in the blood serum of cows in the said herd was significantly influenced by the season, being at its lowest during July-August and highest during the spring months.
Calving number. As far as the calving number is concerned, the results of this study (Table 2 ) agree in general with some of those reported earlier (Fitch et al. 1925, Tyler et al. 1947 , Venge 1948 , Braude & Walker 1949 , Mäkelä & Oittila 1955 , Mäkelä 1959 , Nielsen 1964 . The birth weight of Ayrshire calves at first calving was 31.19 kg (N = 100) in the study of Mäkelä (1959) and 32.0 kg in this study (Table 2) , and at the second calving 33.3 kg (N = 100) and 33.6 kg, respectively. Mäkelä & Oittila (1955) , reported a value of 34.16 kg (N = 49) at the fourth calving, the corresponding value in this study being 35.8 kg. In several studies the change in the birth weights from the Ist to the 2nd calving has been greater than the change from the 2nd to the 3rd., etc. This was not the case with the present data, perhaps due to the limited number of cases. Furthermore, it was noted that the birth weight, calculated as a percentage from the live weight of the dam, tended to be higher at the first three calvings than thereafter.
Correlation studies. The live weight of the dam appeared to be the only variable in the correlation studies which significantly affected the birth weight of the calf (Table 3) . Part of this effect was apparently due to the tendency for the birth weight to increase with the number of dam's calvings, i.e. parallel with the increase in the live weight of the dams due to age (Table 2) , and partly to the parallel seasonal fluctuations in the two variables (Table 1) .
The corresponding correlations (r l2 ), calculated separately for the first-calvers, second calvers, etc., were considerably closer at the Ist, 2nd, and 3rd calvings compared with later calvings (writer's observation). The first three calvings in the present study included approximately 70 % of all cases. In the study of Mäkelä & Oittila (1955) , the correlation between the birth weight of the calf and the so-called normal weight (effect of the degree of fatness eliminated) of the dam was very low (r l2 In well fed, regular cows the length of the dry period and the number of services required per birth of a calf cannot be expected to influence markedly the birth weight.
It might have been advisable to include also other variables, e.g. the length of the gestation period, the degree of fatness of the cow at calving time, the calving interval, peak milk yield, and/or persistency of lactation, into the correlation study. According to Mäkelä & Oittila (1955) , the length of the gestation, even though positively correlated with the birth weight of the calf, was not influenced by the number of the dam's calvings in the said herd. The mean daily milk yield or 12 months' yield would have been obviously a more accurate indicator of the lactational ability of a cow compared to the FGM yield of the entire lactation period used in this study, since the calving interval, even in normal cows, may vary considerably in different individuals. Perhaps partly due to the method used in estimating the FCM yield in this study, practically no correlation (r l2 346 = 0.01 11) was noted between the birth weight of the calf and the milk yield of the dam (Table 3) .
The negative correlation, noted between the length of the dry period and the milk yield of the subsequent lactation period (r45123 = -0.1533) (Table 3) , has probably been partly due to the differences in the persistency of lactation in various individuals and partly due to the tendency of the dry period to become shorter and the milk yield larger with increasing calvings of the cows (Table 2 ).
Summary
Sources of variation in the birth weights of 225 single Ayrshire calves, born to regular cows (calving interval less than 15 months) in the dairy herd of the Viik Experimental Farm, were studied. The mean birth weight (35.2 kg) of 111 male calves was significantly (P<0.005) higher than that (33.4 kg) of 114 females. The relative birth weight calculated as a percentage from the live weight of the dam was 7.05 % in males and 6.55 % in females, on an average.
The smallest calves were born in July-September (32.3 kg) and the heaviest in AprilJune (35.5 kg), this seasonal trend being significant (P<0.001). However, the relative birth weight of combined sexes remained constant throughout the year. The number of the dam's calvings affected significantly the birth weight, which was low at the first calving (32.0 kg) and also at the 6th or subsequent calvings (33.6 kg). Maximum birth weight of males (39.2 kg) was attained at the sth calving and that of females (36.1 kg) at the 3rd calving. The relative birth weight was highest in the males (7.44 %) at first calving and lowest in the females (5.93 %) at the 6th or subsequent calvings.
The relationships between the birth weight of the calf (X x ), the live weight of the dam (X 2), the number of services per gestation resulting in the birth of the calf (X 3), the number of days dry prior to parturition (X 4), and the level of fat corrected milk (FCM) yield during the lactation period subsequent to calving (X 5), were investigated by means of calculating the coefficients ofsimple and partial correlations. The live weight of the dam was the only variable which significantly affected the birth weight of the calf (r 12 .3 45 = 0.4022, P< 0.001, N = 225), the length of the dry period had a slight positive effect (rl4-235 = 0.1235). The correlations obtained separately for males were mostly of similar order as those obtained for females. Regression equations demonstrating the relationship between the birth weight of the calf and the live weight of the dam, are given.
Due to strong feeding of the cows, it is believed that the birth weights of the calves in the dairy herd of the Viik Experimental Farm are somewhat larger if compared with the overall values of the Ayrshire breed in Finland.
